The Shaytor apatite-rich iron deposit is located in the Kashmar-Kerman tectonic zone in the central of the Iranian plat, which is an important polymetallic belt in Iran. The ore bodies are interbedded with the upper inferacaamberian calc-alkaline igneous rocks that show well-preserved porphyritic and volcaniclastic textures. The iron ores have massive, disseminated, and brecciated structures. Magnetite from the Shaytor deposit is low in Ti (TiO2 = up to 0.70 wt.%) and different ore types show similar rare earth element (REE) and trace element-normalized patterns with weakto-moderate enrichment in light REE and negative Eu anomalies, indicating a common source and genesis. The similar REE patterns for the magnetite and volcanic basaltic host rocks suggest their close genetic linkage and support a magmatic origin for the deposit. The Shaytor deposit shows the typical characteristics of Kiruna-type deposits with regard to the mineral assemblages, ore texture and structure, and the apatite and magnetite geochemistry. We propose that the Kiruna-type Shaytor apatite-rich iron deposit was derived from Fe-P-rich melt through liquid immiscibility and the activity of hydrothermal fluids.
Regional Geology
The Precambrian basement rocks of Iran seem to be a continuation of the Arabian shield and form from granite-gneisses and migmatite which have been reported from the Bafq to Robate-Poshte-Badam region in Central Iran [13] . Their composition varies from granite-gneiss to biotite gneiss with disthene and garnet. These include the Chapedony and Boneh-shurow Complexes. The mentioned basement complexes are overlain by metamorphic rocks, up to amphibolite facies, which include biotite schists, amphibolites, quartzitic schists and marbles, often containing garnet and andalusite. In the stratigraphic division of Iran, the "Infracambrian" is applied to the time interval between the Late Precambrian and the Cambrian [14] . In Central Iran, the KKTZ has Infracambrian age and consists of a complex set of volcano-sedimentary rocks which is very extensive from Poshte-Badam to Zarand and hosts the most important iron oxide-apatite, Pb-Zn and U ore deposits in Iran (Figure 1(b) ).
The volcanogenic rocks vary from acid to basic in composition, and include rhyolite, agglomeratic tuff, splitic lava and diabase, and most are subjected to widespread alkaline metasomatism. The sedimentary rocks consist of dolomites, dolomitic limestones and evaporites as Rizu and Desu series [15] and [16] . The main part of Shaytor Fe deposite in east of KKTZ has formed from Rizu formation. It consists of volcano-plutonic complexs including basalt, andesite, trachyte, rhyodacite, rhyolite as well as granite and diorite (Figure 1(c) ) which having [9] and [19] ). The arcuate Kashmar-Kerman zone includes the Bafq district and most important iron oxide-apatite deposits; (c) Geological map showing the relationship between wall rocks and ore bodies of the Shaytor apatite-rich magnetite deposit. been subject to widespread alkaline metasomatism (K-feldsparization and albitization; e.g., [17] ). Plutonic bodies of mostly granitic composition (locally associated with diorite and gabbro-diorite dikes or sills) intruded into the volcano-sedimentary rocks as well as the Upper Precambrian metamorphic rocks, which are quite common in Central Iran [18] . [19] suggests that these rocks are calc-alkaline intrusions affected by widespread sodic alteration (albitization), and proposes an evaporitic source for Na. The most important of plutonic rocks is Zarigan, the Chador-Malu granites. [9] and [20] defined an age of 525 ± 7 Ma, 529 ± 16 Ma (U-Pb on zircon) and 527 -539 Ma (U-Pb apatite age) for the Zarigan, the Chador-Malu granites and major iron oxide-apatite deposits in the Bafq district, respectively. These ages confirm that mineralization have been related to magmatic rocks of the Bafq district. There are three areas with a dense distribution of magnetite or hematite deposits in the Bafq NNW-elongated basin (Figure 1) : the Jalal Abad deposit in the South; Choghart, Esfordi and Se-Chahun, and Shaytor deposits in the center; and the Chador-Malu deposits in the north. This mineralizations are closely associated with the subvolcanic plutons. The Shaytor mining region is in the Early Cambrian Kashmar-Kerman volcano-plutonic arc in Central Iran which hosts important "Kiruna-type" magnetite-apatite deposits [19] . The ore shows different textures from fine grained to coarse grained. The mineral assemblages in the ore are mainly quartz-magnetite, apatite-magnetite, quartz-apatite-magnetite. Massive, banded and brecciated ores are identified based on their structure. The massive ores consist predominantly of magnetite, hematite and martite, with minor apatite and quartz (Figure 2(a) ). These ores contains, miarolitic and amygdaloidal structures (Figure 2(b) ) filled by quartz and calcite crystals, which are also common in the Kiruna-type deposit in Chile and Sweden and porphyry-type iron deposits in China ( [4] and [1] ). The banded ore is characterized by magnetite bands alternating with apatite (Figure 2(c) ) or host rock bands of 2 to 3 mm to a few centimeters thick. The apatite bands (up to several centimeters wide) are mostly pure with minor magnetite or hematite, whereas the magnetite bands contain variable concentrations of apatite. brecciated ores consist of some breccia clasts have corrosion rims cemented by magnetite (Figure 2(d) ). Some breccias contain veinlets of magnetite.
Petrography
Magnetite is the dominant iron oxide mineral in the Shaytor deposit, along with minor hematite, martite, limo- nite, gohotite, apatite and hematite. Magnetite is euhedral to subhedral and 0.06 to 3 mm in diameter in the various ore types. Two forms of magnetite have been identified. The first form (I Mt) consists of fine-grained anhedral crystals in various types of ore, and the second form (II Mt) consists of subhedral to euhedral coarse crystals in veins and veinlets cutting I Mt and show cataclastic texture (Figure 3(a) and Figure 3(b) ). Apatite is found throughout the massive, banded and bressiated ore bodies. In massive occurs locally in in veins within the ores. The apatite is white, and occurs either as sporadic grains or as relatively pure apatite veins in varying proportions with magnetite. Minor pyrite is sparsely distributed in massive ores and in veins within the ores. Two forms of pyrite have been identified (Figure 3(c) and Figure 3(d) ). The first form (PyI) consists of fine-grained anhedral crystals in various types of apatite, the second form (PyII) consist of subhedral to anhedral coarse crystals with apatite, ghohtite and the third form. Quartz, albite, and mica are the dominant gangue minerals.The igneous rocks of the Shaytor Fe deposite can be generally classified into two main groups, plutonic to hypabyssal rocks, and their equivalents volcanics. The plutonic rocks are mainly of granitic composition. However, locally diorites are also observed. Most of the igneous rocks, especially volcanics, have suffered from extensive alteration and their primary composition has been obscured by widespread sodic-potassic alteration. About 40 thin sections of Shaytor granite, diorite, basalt, andesite, trachydacite, dacite-rhyodacite and rhyolite were examined. 
900
The granites are predominant and include plagioclase, alkali-feldspar (orthoclase and microcline), quartz, amphibole, biotite set in microgranular to granophyre textures. Plagioclase is coarse-grained (up to 2) and locally altered into sericite. Apatite, zircon, titanite, and iron oxides are minor phases while chlorite, epidote and sericite are secondary components. The diorites have ophitic to granular texture including plagioclase, amphibole, clinopyroxene and apatite. Titanite is accessory mineral phases in diorite while chlorite, epidote, sericite and termolite are secondary components. The basalts have fine grain to porphyritic texture consist of plagioclase and amphibole. Some place, plagioclase and amphibole show intergranular texture. The trachyandesite has grayish-pinkish white to light brown color and contains up to 25 vol.% phenocrysts. Plagioclase (12 -15 vol.%) and k-feldspar (7 -10 vol.%) are common phenocrysts accompanied by chlorite (1 -3 vol.%) and epidote (2 -4 vol. %), set in a microlithic-porphyritic textures. Plagioclase crystals occur in a variety of sizes. The smaller plagioclase grains (~0.05 -0.1 mm long) are elongated and typically show albite twinning, while the larger crystals are blocky (0.1-2.0 mm long) and display well-developed, generally plateau-style zoning. The dacite is grayish white color with a massive structure and porphyritic to hyaloporphyritic texture. The phenocrysts are mainly large plagioclase (15 -20 vol.%), K-feldespar (~5 vol.%), quartz (1 -2 vol.%) and biotite with a grain size of 0.25 -2.00 mm, set in a matrix (<0.2 mm) that is mainly composed of quartz and feldspar. Plagioclase is present as randomly distributed subhedral tabular crystal that has been altered to kaolinite and sericite. Quartz is nearly rounded and shows undulating extinction. Plagioclase phenocrysts are oscillatory zoned and consist of repetitive normal zoning patterns. Rhyolites have a same mineralogy with dacite with more quartz in modal. They contain quartz, plagioclase and k-feldespar.
Analytical Method
All major element compositions of minerals were obtained by electron microprobe analysis (EMPA) in Iran Mineral Processing Research Center (IMPRC). Analyses were performed at an accelerating voltage of 20 kV and beam diameter of 5 μm, and a beam current and counting time of 20 nA and 10 -15 s, respectively. A range of natural and synthetic standards was used. The analytical precision for most elements was better than 0.5%. Analysis of major and trace and rare earth elements (REEs) were performed at the SGS using ICP-AES and ICP-MS the inductively coupled plasma (ICP-MS) method on powder from host rock and magnetite whole rocks.
Results

Mineral Chemistry Magnetite
The representative results of EMPA and LA-ICP-MS analyses for magnetite are presented in Table 1 and 3 The anhedral and euhedral magnetite in the Shaytor is Fe-rich with average FeO T abundances from 98.4 wt.% to 101.2 wt.%, low SiO 2 contents up to 0.9 wt.%. They do not show systematic chemical variations from core to rim. Magnetite in the Shaytor contains low MgO (up to 0.29 wt.%), low MnO (up to 0.02). In addition, the magnetite contains moderate to low Al 2 O 3 (up to 0.35 wt.%). Low abundances of Al 2 O 3 , TiO 2 (up to 0.70 wt.%) and MgO in magnetite obtained by EMP indicate insignificant variation due to exsolution of ilmenite and spinel. The composition of the magnetites is consistent with those from Kiruna-type magnetites, which have low TiO 2 compositions (usually < 2 wt.%) [1] . Chondrite-normalized rare earth element (REE) patterns for the magnetite from the Shaytor are characterized by enriched in LREEs relative to HREEs, the LREE/HREE ratios are variable (Table 2; Figure 4) .
Magnetites show moderately steep chondrite-normalized patterns with (La/Sm)N ratio 1.61 -3 and have similar negative Eu anomalies (Eu/Eu* = 0.18 -0.27). These characteristics are probably related to the existence of apatite because apatite controls the REE budget of the rock. Iron ores were classified by [21] based on the Ni, V, Ti, Fe content. They proposed V vs. Ni, V/Ti vs. Ni/Ti and V/Fe vs. Ti/Fe diagrams for distinguishing the apatite iron ores, titaniferous iron ores and Banded iron formations. Based on these diagrams, the Shaytor magnetite-apatite mineralization classified as apatite iron ores ( Figure 5 ).
Host Rock Whole Rock Chemistry
The major and trace element compositions of the rocks are given in Table 3 and are clearly affected by hydro-thermal alteration. They show composition variations reflecting their lithologies from mafic to falsic composition (Figure 6(a) ). The silica concentration ranges from 45.16 wt.% to 71.03 wt.% (Table 3 ) and 45.91 wt.% to 70.20 wt.% for extrusive and intrusive rocks, respectively. The alkali contents of extrusive rocks vary between 0.1 wt.% and 2.1 wt.% Na 2 O and 1.56 wt.% to 8.14 wt.% K 2 O, while the intrusive rocks have more Na 2 O (from 0.09 wt.% to 5.14 wt.%) and less K 2 O values (0.1 wt.% to 4.5 wt.%) than those of extrusive rocks. Because most of these samples have been affected by extensive alteration, alternatively, the samples have been plotted in the discrimination diagram of [22] which is widely used to discriminate between altered volcanic rocks ( Figure  6(a) ). In this diagram the more volcanic rocks plot in the rhyodacite-dacite, sub-alkali basalts and trachyte compositional field while the more intrusive rocks plot in the rhyodacite-dacite to sub-alkali basalts field. To distinguish between alkaline and subalkaline suites, the samples have been plotted in a diagram of Ta/Yb versus Th/Yb (Figure 6(b) ). In this diagram, the intrusive as well as extrusive rocks mostly plot in the calcalkaline to shoshonitic field. These rocks are mostly peraluminous with alumina saturation index (ASI (=molar Al 2 O 3 /(CaO + Na 2 O + K 2 O) values more than 1.10 (up to 4.47) except basaltic and gabbroic samples which are plotted in metaluminous field (Figure 6(c) ). Also, they mostly plot in the I type granites in a diagram P 2 O 5 versus silica (SiO 2 ) (Figure 6(d) ). The felsitic igneous rocks from Shaytor also show affinities to volcanic arc granites in the Rb against Y + Nb diagrams [23] (Figure 6(f) ). Chondrite-normalized rare earth element (REE) and primitive mantle normalize patterns for the granitoids and volcanic rock from the Shaytor show two type of trend including 1) mafic rocks with enrichment in light REEs (LREEs) and LILE compared to heavy REEs (HREEs) and HFSE with negative Eu (Figure 7(a) ) 2) and falsic rocks with slight enrichments in LREE without Eu anomaly. Also, in a primitive mantle-normalized [24] trace element diagram, magmatic rocks shows depletion in K, P and Ti and enrichment in LILE (Figure 7(b) and Figure 7(d) ). 6. Discussion
Source Features
Major, trace and rare earth element chemistry of the Shaytor rocks demonstrate the significance of crystal frac tionation from parental magma(s). Most of the Shaytor igneous rocks have low MgO, Ni, and Cr contents, except basalt and diorite samples, suggesting that they no correspond to primary magma compositions. General fractional crystallization or partial melting trends are indicated by decreasing TiO 2 , MgO, Fe 2 O 3 , V, Sc and Sr concentrations and increasing K 2 O concentration with increasing SiO 2 contents in Shaytor igneous rocks ( Table  3) . These trends can be interpreted to indicate fractionation of amphibole, plagioclase, Fe-Ti-oxides, apatite and zircon. Fractionation of Fe-Ti oxides was important which is consistent with the decrease in V with increasing SiO 2 . Also, fractionation of apatite, which may concentrate LREE (e.g. [25] ), is compatible with LREE valuse in chondrite normalized patterns (Figure 7) . As a mentioned before, according to REE values in the chondrite normalized pattern, the igneous rocks from Shaytor show two trends that show there is two type of magmatism in this region including: (1) primary basalts magmatism with enrichment in LREEs and LILE compared to HREEs and HFSE with negative Eu (Figure 7(a) ), (2) felsic volcanism and plutonism with evidences for assimilation-fractional crystalization (Figures 7(b)-(d) ).
Relationship between Magmatism and Iron-Ore Deposits
Magmatic iron ores were classified by [1] into two groups based on geochemical characteristics which are include: 1) volcanic-exhalative stratiform iron ores and 2) iron-apatite ores and apatite veins. They believed that iron-apatite ores demonstrate depletion in Cr (less than 10 ppm), enrichment in V (1000 -2000 ppm) and depletion in Ti (100 -1000 ppm occasionally up to 5000 ppm). Average content of Cr, V and Ti in the Shaytor magnetite-apatite samples are 30.3 ppm, 1142.7 ppm and 0.14 ppm, respectively. In this base, Shaytor magnetiteapatite mineralization can be classified as iron-apatite ores. Among the iron ores of the world, there is a specific group of occurrences composed of the magnetite-hematite-apatite assemblage (IOA deposits) which are considered as Kiruna-type magnetite-apatite deposits. Rare earth elements (REE) are characteristically elevated in Kiruna-type deposits [26] . Enrichment in REEs is one of the specialties of the Shaytor magnetite-apatite mineralization. REEs content of these samples are high and vary between 56.77-1087 ppm. All of the samples from magnetite ore show a similar pattern with a LREE/HREE fractionation and negative Eu anomaly (Figure 4) . These similar REE patterns indicate that these units have a common origin. Moderate LREE/HREE fractionation is a common characteristic of magmatic magnetite-apatite ores connected with calcalkaline rocks. The chondrite-normalized REE patterns (Figure 6(a) ) show that the samples from the igneous rocks vary substantially in terms of composition. These samples, except primary basalt, exhibit a weak enrichment of Light REEs compared to Heavy REEs and a relatively flat pattern (Figure 6(a) and Figure 6(c) ). The magnetite samples from Shaytor revealed chondrite normalized REE patterns similar to those of the primary basaltic rocks with depleted Eu (Figure 4 and Figure 7(a) ). So, it can be find that the Shaytor Fe deposit were generated from basaltic magmas.
Comparison with Kiruna-Type Deposit, Sweden
Kiruna-type deposits contain variable quantities of magnetite-fluorapatite-actinolite ores in volcano-plutonic terrains that range in age from Proterozoic to Cenozoic. The best known, and one of the largest deposits is in the Kiruna region of northern Sweden ( [27] [28]), in Missouri, U.S.A., in the Great Bear magmatic zone of Canada [29] , in Ningwu basin in the eastern China [30] , in the Avnik region of southeastern Turkey [31] , and in the Circum-Pacific belt of Chile and Peru ( [28] ). Iron oxide-apatite deposits of the Shaytor region show some simi-larities to the Kiruna-type deposits including (1) according to mineral assemblages, fabric and structure of the iron ores, occurrence of the orebodies and wall rock alteration zones. For example, the iron ores are mainly composed of magnetite or hematite, diopside or actinolite and apatite. These deposits are interpreted as having formed in a rift or extensional environment and mineralization is associated with alkaline magmatism. (2) Geochronological data [9] and [20] show that the time interval between the magmatism and associated mineralization is very short. Alteration, especially albitization, is very pronounced in footwall rocks under the orebodies.
Implication of Metallogenic
As mentioned before, the Shaytor apatite-rich iron deposit is similar to Kiruna-type iron deposits. The origin and enrichment mechanisms of apatite and magnetite in Kiruna-type iron deposits have long been debated, and models proposed include exhalative-sedimentary origin [32] and [26] , magmatic origin due to liquid immiscibility [33] , and hydrothermal origin [29] and [34] . Recent studies have excluded the exhalative-sedimentary origin hypothesis. The Kiruna-type iron deposits have been interpreted as the product of crystallization of iron oxide magmas derived through immiscible liquid segregation (rich in Ti, P, and Zr) [1] [4] [31] [35]- [38] . It has been hypothesized that silicate liquid immiscibility, caused by 1) crystal fractionation, 2) magma mixing, 3) an abrupt change in oxygen fugacity, and/or 4) an introduction of phosphorus, may lead to the release of an oxide melt from silicate magma [5] . This model has been proposed for some of the magnetite-apatite deposits in the Chilean iron belt [1] and Kiruna [27] . The occurrence of large amounts of the apatite as a gangue mineral is conspicuous in Kiruna-type deposits, such as Shaytor. Also, apatite has spatial association with the iron mineralization in Shaytor. This confirms for Shaytor the model involving immiscible magmatic liquids caused by the introduction of phosphorus. The Shaytor iron deposit was formed from Fe-rich melts (or fluids) that were derived from the mafic magma and channeled along major faults and fractures. The source of the Fe can ultimately be ascribed to the mafic magmas derived from the mantle wedge.
Conclusion
The Shaytor apatite-rich iron deposit, hosted in calc-alkaline felsic metamorphosed volcanic rocks, is a typical Kiruna-type magnetite deposit. The Shaytor deposit is similar to a Kiruna-type deposit in its mineral assemblages (low-Ti magnetite-apatites with minor pyrite) and ore structure (massive, banded, and brecciated). The magnetite contains low concentrations of Ti. The magnetites, and host primary basaltic rock have similar REE and trace element normalized patterns. The occurrence of large amounts of the apatite as a gangue mineral is conspicuous in Kiruna-type deposits, such as Shaytor. This confirms for Shaytor the model involving immiscible magmatic liquids caused by the introduction of phosphorus. The Fe-rich melts (or fluids) that were derived from the mafic magma and channeled along major faults and fractures was responsible for Source of Fe in Shaytor.
